Nanocomposite layers consisting of multi-walled carbon nanotubes 
Introduction
Efficient organic light-emitting devices (OLEDs) , that based on small molecular organic materials or polymers, have attracted extensive research interest because of their potential application to full-color flat panel displays.
Significant progress has recently been made in improving the characteristics of device's structure for emissive display applications [1, 2] . Fluorescent emission in OLEDs is associated with the radiative recombination of singlet excitons. One of them is an imbalance of electron and hole mobilities [3, 4] , which results in a shift of the recombination zone toward an electrode, lowering the device efficiency due to exciton quenching by the metal electrode.
Polymer/carbon nanotube (CNT) nanocomposite has been regarded as a solution to low electron mobility [5] [6] [7] [8] , and the polymer/CNT junctions act as exciton quenching centers, improving charge transport and quenching photoluminescence [9] [10] [11] [12] . More balanced charge injection is associated with higher external quantum efficiency of the OLED. A key discovery of recent years is that doping improves emission efficiency and intensity. The predominant electronic interaction in the nanocomposite s is known to be polymer-to-CNT photoinduced charge (electron) transfer [13] [14] [15] , while photoinduced energy (exciton) transfer has been suggested to occur in the polymer/CNT bilayer [16] . However, while various potential applications of CNTs have been suggested, few practical uses have been realized. The main difficulties concern the poor purity and process ability of MWCNTs that contain powder.
In this investigation, the prepared MWCNTs were purified and then doped as a very small fraction of up to 2.5 wt% into extensively used PEDOT:PSS. Double-layer and hole-only devices were fabricated, and the device characteristics were studied to examine the role of MWCNTs in OLEDs.
Experimental Details
The MWCNTs in this investigation were synthesized using chemical vapor deposition (CVD) and purified following a standard procedure. 100mg of MWCNTs powder was added to 50ml of a mixture of sulfuric acid and nitric acid in a 3:1 ratio, and the mixture was stirred for 15min on a hot plate at 100°C microscope (TEM) with a point-to-point resolution of 0.14 nm. The surfaces of the films were analyzed using atomic force microscopy (AFM). The current-voltage characteristics were measured using a Keithley 2400 source meter, and the luminance of OLEDs was measured using a PR-650
spectrometer. All the measurements were made in the dark at room temperature.
Results and discussion
Untreated pristine MWCNTs were doped into the PEDOT:PSS to act as an HIL in an OLED. However, poor optoelectronic characteristics of OLED have been observed-even an absence of light emission at a very high driving current. Several investigations have suggested that acid treatment can cut
MWCNTs and shorten them, while reducing the diameter of MWCNTs [17] [18] [19] [20] .
It can also remove amorphous carbon and contaminating metals. Figure 2 shows TEM images of MWCNTs after acid treatment. As shown in Fig. 2 
